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O (54) Title: STABLE LIQUID SUSPENSION COMPOSITIONS AND METHOD OF MAKING AND USE THEREOF 
O 

^ (57) Abstract: A new stable liquid suspension containing non-soluble particles dispersed in a non-aqueous liquid medium having a 
1^ concentration of a suspension aid and a method of making and use thereof. 
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This invention relates to novel liquid suspension camposiiions, 
which can bt? used as additives in a water-based fluids, and methods of mnldng 
ancj use of such liquid suspension ajmpusiiious. 

BacKgroundi of the ImeaUua 
Water-based fluids sucb as, for exiiraple^ drilljng fluids and 
nii ling fluids, are useful in a variefy 6f industrial srpplicatious, Tt is well known 
to 1 boae aldlled in tiie art of drilling wells to cap .-jubterranean deposits of natural 
res aur&cs such as gas, gco^cainal steam or crude oil, e^ecially when drilling 
by the roiary method or the percussion method v/licrcin cuttings must be 
rexjioved from ihc bore hole, that it is necessary tc« use a drilling fluid. 

The use of water-based Jluids in sianulation, workovcr and 
co3|npietion fluids in oil field operations is also vajU knuwii. AYorkoycr fluids 
those fluids used during remedial work in a (hilled well. CompleiiQii fluids 
those fluids \2sed during drilling and during ihe steps of completion of ibe 



are 
are 



well. 

Additives, chemicals, or other materials are often added to such 
wejcer-bascd fluids for various reasons such as for controlling water loss, 
iuqreasing viscosity, reducing corrosion, altering pH, and increasing density of 
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fluidss. Howevar» the addition of suob maiedats to water-based Huids can be 



dif icult unless proper precautions are taken to pnsclude agglomeration or 



Liquid addidves and processes therefor have been developed to 
rcome some of the problems. However* die hydrocarbons and other 



co: npounds used as the liquid mediiun of such, stable liquid additive 
sui pensiouiJ may uoi be cavironmcntally fiacndly: because, they arc often not 
bit degradable or because disk use in drilling and well trcament fluids may 
resjalt in noacompliance with EPA oil and greas<i eJHueni liiijilatiuus. 

It is, therefore, highly de5drahle to develop a liquid suspension 
cotaposition which remains stable, useable a<! art :idditi ve in water or water- 
ba: ed fluids, and which is environmentally friendly tor use in oil field 
ap])li cations. 

Summary of the Invention 

It is thus an object of this invcntioa to provide a stable liquid 
suspensioa uomposillon which is environmentally fiicndly andtiseful in oil 
fi4d applications. 

Other aspects, ohJecK, and several advantages of the 
in\jention will become more appareJit in light of the following di.<icl05!ure. 

According to a first embodunent of the invention, a stable liquid 
noji-aqueous liquid suspension is provided. Tha non-aqueous suspensioa 



DOCia <WO_0240ei2A1J_> 



wo 02/40612 PCT/USOl/48115 



10 



15 



20 



coihpodtion coniprises noa-soluble panicles Uuii are dtiipctsed m a non- 
aqi eons Uqiild medfum. The nnn-aqueous mediVDn has a concenttaliua of a 
sus ?e(ision aid. 'Vhe aon-aqiieons liquid mediuni L<i selected from the group 
cox sicting of glycols, polyglycols, glycol ethers, $Jycol esrers and glycol ether 
est :ra. The suspension aid is eelected from the ^xoup consisting of 
hy< xoxypropyl ccUuloso, cibyl cellulose, pplyvmyj pyixolidone, polyaciylic 
ai:i(l, and copolymers of polyvinyl pyrrolidonc aad acrylic acid. 

j In a second erabodimcot of die inveatioa, a non^aqucous 

suf pension is prepared by mixing non-soluhlc piirdcles, a suspension aid, and a 
liq lid medium to Thereby form the non-aqncous suspension. The liquid 
me lium is selected from the group consisting of glycols, polyglycols, glycol 
eti^rs, glycol esters and glycol efeer esiets. 

According to a third embodiment oj'the invention, a method is 
prcjvidcd for trcadng oil or gas wells or any of tlie surrounding subterranean 
fox nations adjacent to such oil or gas wells. This mo&od comprises the steps 
of lOrnixiiig with a water-based fluid a cott^osinon comprising non-soluble 
pa] deles dispersed in a non-aqueous liquid medium having a concentration of a 
snj pension aid. The non-aqueous liquid niediuui is selected fiom die group 
CO] i9istmg of glycols, polyelycols, glycol ethers, glycol esters and glycol eiher 
est ?rs. The suspension aid is selected from the fp-oup consisting of 
hy roxypropyl cellulose, ethyl ceUulose, polyvinyl pyrrolidone, polyaciylic 
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acill, and copolycwsre ofpoly viiiyl pyrrolidonc aad aoryUo acid. The flius- 

fOTfned admixture is intruduwil into a wcUborc. 

Detailed Description of th» Invention 
In accordance with tHe present invention, the novel non-aqueniw 
suapension medium comprises, consisting essentiiUly of, or consists of a non- 
aq\ eous liquid medium having diesolved therein u concentmion of a 
sus pension aid and haviiig dispersed in such liqiad medium non-soluble 
pai tides. The non-aqueous liquid suspension may also be described as 
coi iprising, conbisOng csseniially of, or consisting of a Uqtdd medium, non- 
sol ible parricles, and a slabiltzin^ amouni of a soapeasion aid sufficient to 
enl ance the stability of the su^ension of non-solnble panicles in die liquid 
niepium. 

As referred to herein, the temi "noa-aqueous" means, unless 
otljervYise jndicafed, a liqxtid that contains a mimn- amount of water, but, 
pre fcrably, the liquid is one that is substandally &ee of water. The minor 
am Dunt of water in the non-aqueous suspension medium is a concentration of 
wa cr that is low enough to assure that the invcndvc non-aqueous suspension 
ma intains the fluid properties of a stable suspenidon, A minor amount uf waicr 
is I :enerally less than about ten weight percent (1 0%) of the non-aqueous Uquid 
me 1mm. Thus, a minor amount of water will be in the range upwardly lo about 
ten weight percent (10%). As noted, n is prefemert for the non-aqueous liquid 
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of Uc invention to be substantially anoc of water Thwcfore, tho non-«qucous 
liq lid mccliuui of Ihc iuvculion can Lave less tliaa about one v/eiglu percent 
( I %) water, preferably, the amount of water is less than about 0,5 weight 
po zent, and, most preferably, the amounr of wajer \r less than ! 000 pans per 
lion by weight (ppmw). 

An imponani aspect of this invention is for the noa^aqueous 
liqi (id medium to be an environmentally fiiendly compound. That is, a 
coz[ipound that is readily biodegradable when exposed to the environment end 
cb passes the so-called oil and grease test by not being ejaractable from 
cr by use ofibe GKUiacdoa solvents as described in EPA Method 413. 1 and 
EP|\ Method 1664, 

Any suitable material that is in the liquid phase ax ambient 
ditions, typically ar temperatuTfyi between -30*0 tn 5(rc, pmferahly, 
.vecn -20°C to 40°C, and meets die above desoibed criteria can be used as 
non-aqueotis liquid medium of die suspension composition of the invention 
ong as it forms a stable liquid suspension of ibe non-soluble particles when 
coihbincd 

wii i ibc nou-solublc parUcks and the suspension aid. The uou-soluble 
par acles and suspension aid are more fully defined elsewhere herein. Among 
non-agueous liquid medium compounds are ihose chemical compounds 
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Sftl »cted frnm IJie group conslsriug of glycols, pc»l/glycoIs. glycol ethers, glycol 
efiiprs and glycol etitier esters. 

Each glycol or polyglycol compound suitable for use as the non- 
aqtieous liquid medium of the invention should h;ive a molecular weight greater 
tht n about 100; because, those compounds that Iwve molecular weights below 
abjfut 100 tend to undesirably solvate the suspended particles. However, due to 
requireincnL Uiat Uic uon-aqueoxis liquid medium be in xhe liquid phase at 
Went temperatures, its molecular weight should be less than about 4,000. 
ITi '.ncforc, Riiiwble glycols and polyglycols can have a molecular weight in Uxo 

ge of from about iOO to about 4,000, preferably from about 100 to about 
3,(|00, and more preferably, Irom about 100 to 2,750. 

The glycols that can be used as tiu; aon-aqueous medium have the 
following general formula; 

n-O-RrO-H 

wl ere Ri is m alkyl gixiup having from 4 to 8 cwbon atoms, pccfcrably, fiom 3 
to r carbon aCouiiJ. Examples uf suitable glycols include butylenc glycol, 1^- 
peitanediol and hexylene glycol. 

Ulie polyglycols that c^n be used as the non-aqueous medium 
hafe the following fomiula; 

H- [0-RJ„0-H 
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wlfcre Rt is an alkyi gruup luiviag Iium 1 Ui 6 carbuu aioms, pitsfbiabl^^, ihim 2 
I It caii)OTi atoms. Specific cxfimples of polyglyt-ols that can suitably be used 



to 



mt 



mc 
nic 



ndC!. but are not limited in, diethylene glycol, triethylene glycol, 
dijjropylene glycol, tripropylene glycol, polyethyJene glycol (having a 

.ecular weight between 200 to 4,000), and polypropylene glycol (Jiaving a 
ecular weight between 200 to 'IjOOO). Hie presently preferred polyglycols 
for use as the non-aqucous medium arc dicthylciKJ glycol, triethylene glycol 

polypropylene glycoL Polypropylene glycxil is particularly prefecred 
because of its commercial availabiliiy and effeciiwuess. 

The glycol ethere that can be used as ibe non-aqueow; medium 
haf e the following general formula: 

wtfere R, is an alkyl group having from I to 6 carbon atoms, preterably, &om 2 
to • I carbon atoms, and where each can be the i^&mQ or different and fiinher 
wh ire R^ is cither a hydrogen or an alkyl group liavuig fiom i to 10 carbon 
ato ens, preferably, from 1 to 4 carbon atoms* The vqhic for „ is an integer in the 
rai] ge ofiroru 1 to 10, Specific examples of glyccil cdiers which can suitably be 
use d as ibe non-aqtieons medimn include, but are not limited lo, 2- 
Bu xDxyethanol, 2-(2-Butoxyethoxy) edianol diO>iopylene glycol) methyl echer, 
die rhylene glycol dimethyl ether, diethylene glycol eihyl ether, and diethylene 
gl> col bntyl ether. The presently preferred glycol ethers for use as the non- 
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nqibcous liquid mGdiixm of the novel suspeosion compositicm axe dicUiylcn^ 
gl> col cdiyl ether and dicthylenc glycol buiyl cflitsr. The most piicfeixtd glycol 
e wr is diethylcne ^ycol bmyl eiher. 

The glycol escers ihat can he used a< the non-aqueoiis mediimi 
hale the following gftnerftl formula: 

Vrfcbre Hi is a carboxyl groijp having firom 1 to 6 carbon atoms, preferably, from 
1 1 ) 4 carbon atoma, and where is on alig'l group having from 1 to 6 carbon 
ate [US, preferably, from 1 to 4 carbon acorns, and where R^, is either a hydrogen 
or I carboxyl group having from I to C carbon atoms, preferably, from 1 to 4 
cai bon atoms. The value for . is an integer in the range of from 1 to 10, 
Sp :cif[o examples of glycol ester compounds tfajit can suitably be used as die 
Tim i-aqueoTis liquid mediUTTi include, hut are not limited to, 1 ,2-Kthanediol 
mcjaoacetate and ethylene glycol diacetaxe. 

Examples of glycol ether ester conii)Oimds that can suitably be 
usdd as the non aqueous medium include, but are not limited to, 2 ethoxy ethyl 
act tatc, di(cthylcnc glycol) ethyl ether acetate, dL(cthylcno glycol) butyl ether 
accjtate and di(propylene gjycol) methyl ether acciate. 

It is an important aspect of the preiicut invention for the 
suspended panicles of the non-aqueous suspension to be substantially non- 
sollible, or only partially soluble, in the non-aqu<;cms liquid medium. But, they 
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als 0 must fonn a relatively stable suspension when mixed in such niodivui. 
Th OS, the non-soluble particles arc solid particuJates Uiat arc subiiUmlially 
insoluble, or paitially soluble, iu the noa-aqueoiis liquid medium. 

When referring herein to the stabfliiy of a Hquid suspcnsioa* it is 



un 



ierstood that a stable liquid suspeasion is riefme^l as a liquid suspension in 
ich the non-solubJe particles remain dispersed in the liquid phase and do not 
set Ic out and separate irom the liquid phase after a substantial period thne has 
paj sed Generally, such time period exceeds 3 days (i.e. 72 hours), bur 
pre feinbly, the non-soluble particles should rcn3iiin dispersed in the h'quid 
ph sc, or non-aqucous liquid medium, for a period of riine exceeding 5 days 
fLC . 120 hours) and, mostpi-efcrably, ihe particles sihould remain dispersed in 
die liquid phase, or non-aqueous liquid medium, ibr a period of time exceeding 
10 lays (i.e. 240 hours). 

The tion-soiuble particles of the inventive composition should 



haxj 



e such properties as to pennit their suspensioa in the non-aqueous liquid 



me lium while at the same time being non-soluble in such medium. It is 
pre Teired for the avemge diameter of the non-soluble polymer particles to be in 
the range from about 50 angstroms to about 2000 unuruus< Tlie non-soluble 
pol oner particles can be colloidal in size (eg, fnnn about 50 A to about 
20C|0A). but u is not necessary; provided, that, they are easily dispeised within 
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iht fluu-aqueous litiuid incdium to Com a bCable toluticm when combined widi 
thq other components of the suspemdon composition- 
Examples of materialj? suitable for use as nan-snUihle particles of 
the invention composition include varions known natural and synthetic 

ymeric organic viscosifiers that are commonly used in well treatment fluids; 
example, such con^onents include biopolymers, such as xanthon (xonthan 
gujn), cellulose compounds including hydroxyclhylccUulosc (HEC); 
boTwylmethylcellulose (CMC); guar gum; starch; derivitizcd guar, 
yacrylamidc; and oihcr water soluble synOictic polymers. Also, certam non- 
ymeric mareriahi can be used as the non-soluble panicles of the inventive 
coi ipositlon, such as borax and salts of ethylene diamine terra acetic acid. The 
pre feired material for use as the non-soluble pardcie of the invention is guar 
gu|i. 

Another important component of thtj non-aqueous suspension is 
diej suspension aid used to provide additional viscosity to the liquid medium so 
as ' 0 assist in keeping the non-soluble particulate cnatcrial dispersed in the 
liqi lid racditun. It is essential that the properties of the suspension aid be such 
tha : ic is soluble, or at least partially soluble. In the non-aq[ueous liquid medium 
of 1 he inventive composition while at the same time enhancing the 
sus pendabiliTy of the non-soluble particles withhi rtie liquid phase of the 
cor ipoKirinn and, rhu9, the srabjliiy of the inventive composition. It has been 
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fox nd that small conoenttations of flic coinpouiid« of hydtoxylpiopjdccUulosc 
(H ?C), cifayl cellulose, polyvinyl pynolidonc, polyacrylio aeid, or copolymers 
of 3olyvinyI pytrolidone and acrylic acid assfisi in Mgnificantly enhanctag ihe 
5la 3ility of die noa-aqueous suspensloa Thus, im essential feature of the 
in\ end ve composition is fbr the non-aqueous liquid medium to Ronfsin a 
cm icentratinn of efrher bydroxypropyl cellulose, or ethyl cellulose, or polyvinyl 
py] roUdone, or polyacrylic acid, or a copolymer of polyvinyl pyrrolidone and 
aci yUc acid in such an amount that it is sufSoient to enhance the stability of the 
su£ pension of the non-soluble particles m iho nou-aqucous liquid medium of 
inventive composition. The preferred suspension aid is hydioxypropyl 
ulosc» 

Based on the total weight of die non-aqueous liquid sa<jpension 
coihposiiion of the present invention, the suspended non-soluble particles in the 
tot: I suspea<!fon composttinn <iofunon can be presjmt in any weight percent 
pro idded the suspension is stable. Generally, however, the weight percent of 
sus jended particles in the total suspension conipo.5ition can be in the range 
fio: n about 10 weight percent to about 70 weight percent, picfcrably, from 
abc at 20 weight percent to about 60 weight pcrctait and. most pit;fctably, Irom 
30 -Ivcight percent to 50 weight percent. 

As for d\6 coacenu'atlou of ihc siu^pcmsion aid in the non*aqueous 
siis:j3casion composition, it must be present in the Jion-aqueous liquid meflfuin 
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m amount and at a conccntratioii sufficient to )}Eovide the ncccssaiy Ainuiion 
jnhancinj? xfac stabilxty of the suspended particJes in ihc liquid phase of the 
pension composiitioa Ii hws been found thai a conceniraiion as a percentage 
of he total weight of the non-aqueous f?u5;pension composiiion of at least 0.1 
wc ight percent is required to provide the necessary suspension aid function, 
l b J upper limit for concentration of the suspensic-n aid is dictated by the 
nia JCimum thickness of the non-aqueous suspsTision composition that may 
prj ctically be handled. It has been found that the maximum conccntradon of 
the suspension aid in the non-aqucous suspension composition should not 
cx<jccd abotrt 0,9 percent of the total weight of sut/h ooiapositian. Thus, the 
centfation laage for ihc stiipeniiion aid in the non-aqueous suspension 
iposidon can be in the range of from about 0.1 weight percent to about 0.9 
grbx percent. Preferably, the concentration rmire: for the suspension aid 



she \M range finom about 0,125 weight perceni to about 0,7 weight percent and. 



t preferably, the concentration of the auspeui;ion aid should range from 0,1 5 
ght percent to 0.35 weight percent 

The non-aqueous liquid medium cotoponent of the non-aqucous 



)cn5ion composition will generally make up the remaining portion of the 
nor -aqueous suspension composiUon wilh a typicjd range of from about 30 
M/ei percent to about 90 weight percent of ihe liquid suspeaision, preferably 
fioi 1 about 40 weight percent to about 80 weight percent, and, most preferably, 
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f« m 50 to 70 vrd0xt percent of tfic total wci^ of die aon-aqueotis suspcnsian 
oopiposidotL 

The following Table 1 suuiuiarizcs (he ranges of the componcuis 
of |the inventive non-aqueons suspension composition of the Invention, 

TABLE! 

Typical Rangf55? For the Components of thet Stable Liquid Suspension 



Cdmponent 
Nc n-Soluble Particles 
Sn jpension Aid 



Broad 
Range 
10-70% 



20-60% 



Most 

PrefeiT&4RnnpA 
30-50% 



0,1-0.9% 0425 0,7% 0.15-0.35% 



Nqn-Aqueons Liquid Medium 30-90% 40-80% 



50-70% 



Tlic inventive non-aqucous liquid suspension can be prepared by 
any suitable mcfliod known in the art The comjKiueuts of the inventive 
coj apoiiiilon may be mbced Together in any order or altogether at the same time; 
bo^ vever. ii Is preferred for the suspension aid to be first dissolved or mixed 
wi: n The noTi-aquenu.<i liquid medium pnor to the iiddition of the non-soluble 
paijticles to the thus-fonned liquid znixture. 

Conditions for mixing or diseolving the suspension aid in Che 
nojl aqueous liqdd medium are not a criticsl aspect of the invention and 
an^ one sldUcd in the art may use conventional techniques for formiug the 
ition. Generally, the tcmpcraturo range for auxiug the subpcnsion aid in the 
-aqueous liquid medium shall be hi the migc of irom about 3*0 to about 
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noil 
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15b°C, but the pr«feiied tcmpcniTurc range is ficolu about 10^ to about 100**C 
an{l a most prcfczrcd temperature range is &om about 20^C to about (iO°C. 

Any standard mixing device thai itruviJcs reasonably higti sheer 
(0 bssisi in funning die solution of non-aqueous liquid medium and suspension 
ak can be used, Tlie mixing xime is thai which is necessary to provide the 
de iiTable 

so] ation such that the suspension aid is dissolved in the non-aqueous liquid 
mt dium. Such mixing time is generally in the nuige of from about 0.0 1 hours 
to [ibout 200 hours. 

On CO the solution of non-aqucous liquid medium and suspension 
aid is fonned, the non»soIublc particles aie admixed co the (hus-rurmcd 2)Ulution 
in ;uch an amounl as lo provide the desirable coaoeniraTion of aon-soluble 
pai ticley within the final non-aqucous liquid suspension composition. 

The novel, non-aqueoas liqirid suspension described hereinabove 



articularly suitable for use as an additive lo wtiter-based oil and gas oil well 



n'e itment fluids. Such well treatment fluids include, for example, stmmlation 
flu dfi, fiactuie fluids, drilling fluids, completion lluids, and workover fhiids. 
Ty )ically, an oil or gas well will penetrate the surfece of the earth and pass 
tlir >ugh various subterranean formations that contain deposits of natural 
res )urccs such as oil and ^as. Additives to the water-based fluid used either lo 
dri 1 or to treat wellbores or suaouudiiig sublcrrdnean formatioDS are used to 
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rci hioz Hic mnounx of well treatment fluid that h lost to Jhc suritmudiug 
lb; mations or to enhance ttio carrying capacity ui viscaidly of such well 
trc almtmt fluids. Thus, because of die particular properties of tibe inventive 
no i-^Queous suspension described herein, ii cari !;nifably be used as an additive 
TO 3il and gas well n*eaimenr fluids by admixing with a water-based fluid in 
su maimer as to form an admixture. 

This admixture can be introduced iiito a wellbore thereby 
contacting it with the well face of the wellbore or with the subterranean 
fojmadona surrounding the wcUborc. Typically, die amount of non-aqueous 
su: pension composition added to the wa;tcr-bascd fluid shall be such as to give 
a V ^eigbi raUo of water U) additive in ihe range of from about 4000:1 to about 
10 1. More typically, however, the ratio of water to additive in the resulting 
ad] nixnure of water-based fluid and additive shali range from about 3500:1 to 
ab( an 30:1 . Freferabiy, however, such ratio of w^ter to additive shall range 
fro n 500: 1 to 40:1. The most preferred ratio of water to additive is from 300:1 
10 f 0:1. 

The product of this invention is pnmatily tested by obscrvatioa of 



tlid 

be 
is L 



liquid suspension for stability over a wide iei«pcr<ilurc range. Stability can 
neasured by means ofa ruler ur other such graduated device whereby there 
cicniiliicd ihe ihickneas ficom the interface of me clear liquid portion of die 



poi Liuii of die liquid that separaxes from the portion of the b'quid conrainiug 
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^jipcadcd solids. 

Die follo\^dng specific examples <u:c inieuded to iUustnitc (lie 
adpaniajEii&s of ilie prtiscul iuvciitiun and are nor intended to unduly limit the 
sofpe of the invention. 

KXAlVtPLE 1 

This Example shows the stability of the novel non-soluble 
polymer suspension having the eomponents of guar gum suspended in ihc 
cojnhined diethylene glycol btrtyl ether and hydxcixypropyl colluloac. 

700 grams of 0.4% hydioxylprop;>'lccllulosc (Kluccl H fixttn 
Ilejrcules, Inc.) solution was first prepared. The 2.8 ^aiiiB of liydrvxyprupyl 
ce lidose was uddcd lo 697.2 grams of the di(ethylene glycol) butyl ether 
(«I )BE") (Aldrich), heated to 175 degrees F and stirred for four hours using a 
pa< Idle r/pe mixer. Once ihe hydroxypropyl ceriii]n<!e xvas fiiUy dissolved, 
poi fions of this sokition xvene separated and diluted with di(ethylene glycol) 
bui yl ether to yield (he varioxis other desired hydroxypropyl celluloae 
coi centrations (Table 1). To each of these base fluids was added sufSciont 
gxu r gum (Progum fi-om PolyPro Inc., Dalton, G A) to produce a 40% w/w 
sus pension of particles (Tabic 1). The viscosity of each suspemiion was 
del snuined using a BroolJjeld DV2 viscomt^ter with a #3 LV disk spindle. The 
sus jcusioiis were finally placed into glass Jars and observed for stability. 
Sel Ihig was evidenced by the separation of cleai' fluid to the jTnrfaoe of the 
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su ipcmsion. The sctding time, or iJic time rcquiK:d for tiie onset of JluiO 
separation was recorded and is a measure of the susiieosiuu ^Jtabilily. 

TABLE 2 

Wdght of Each Componentfe^ 



Conceniraiimigr<i{f1^ 



Co 
Co 
Co 
Co 



KlucftlH 

upositiou A 0 

Tiposition B O.40 

npa'jition C O.fiO 

Tiposiiion D 0.72 



DBE 


Guar 


IGucelH 


Dioxitol 


200 


133.3 


0 


60 


m.6 


133,3 


0.12 


59.88 


1.09.4 


133.3 


0.18 


59.82 


179.3 


120.0 


0^4 





Gua 
r 

40 
40 
40 
40 



Co 



Co 



iipositionA 5^0 



Co iipofiition B 



nposiTioa C 



2^>I0 
X600 
21800 



SctcliTig 

0.1 
I 

16 

>360 



Cojnposiiiori D 

Witb no hydroxypropyl celMose i\s a suspending agent, the giiar 
g^x n panicles began settling out of 5!URpen.<;foTi almost immediBtefy. With the 
3ri<lTTion of The suspending agent, the settling time was delayed. At a 

cenTrarion of only 0.24%, the hydro.xypropyl ccMose prevented particle 
ling for more than 350 hours. 

EXAMPLE 2 

This example demonstrates tiic lon^ term stability of partide 
suspcnstoas made wiUi tlic liydroxyprupyl ceUuIose hi a difeihylene glycol) 



COJ 

set 



In this test, 2.25 grams of hydroxypi'opyl cellulose (Klucel H 
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firim Hercules Inc.) was blended into 222.60 grains of di(cthylcnc glycol) butyl 
etier to produce a 1% polymer solution. Aitcxr lidvca days, although the 



so 



utlon was very viscous, there were sdll nimwous undissolved particles. 



Sl CTtcicut di(ciliylcjne glycol) butyl ether was added lo dilute ihe polymer to a 
CO icentration of 0.5% and the solution was heaied ro 180 degrees F and .qtirrert 
Tq] one hour. After cooling, a xanthan binpolymttr (FlowzanCB) from DrUlmg 
Sp ?rinlties Company) was added to produce a 40% w/w suspension of 
pa ticles. In this example, 6% water was also aiUled in order to reduce the 
deKsity of die suspended particles. 

The viscosity of this suspension was measured iising a Biookfield 
1)^2 viscometer with a H3 LV disk spindle. At 3 rpm, the viscosity of this 
su: pension was 1 4,840 centipoisc. the suspcniiiou was placed inio a glass jar 
za \ observed fur imlica(ioiis of seiiling, as would he evidenced by a separation 
of :lear fluid to the surface. During a period of R 2 days, no setding was 
oh}crved, indicating exceptional stability in the .suspension. 

The results shown in the above exmnples clearly demonstmte that 
tlid present in^^ention is well adapted to carry out the objects and obtain the end 
Qn< advantages mentioned us well as those inhcicnt thcarcin. While 
mo difications may be made by those skilled in dui art such modifications are 
cue omposscd v/ithin the spirit of the present invention is defuied by the 
specification and claims. 
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T^T WHICH £5 CLAIMED IS: 

1 . A aon-aqueous suspension comprising; 

non-soltiblc particles dispersed in a non-^jucous liqxiid luedluiri having a 
concentration of a snspeusiou uid wLereia said non-aqueous liquid 
medium is stlcuicd Iruiu the group consisiing of glycols, polyglycoLs, 
5 glycol ethers, glycol esters, and glycol eiher esters and wherein said 

5aMpen<iion aid fs selected from the group consisting of hydro^Qptopyl 
cellulose, ethyJ cellulose, polyvinyl pyrrolidone, polyacrylic acid and 
copolymers of polyvinyl pynroKdone and acrylic acid. 

2. A non-aqueous suspension as recited in clmm 1 wherein said non- 
aqueous liquid medium is selected fiom iho group consisting of 
dicthylenc glycol, tridliylcne glycol, polyjt>ropylene glycol, dieihylene 
glycol exhyl edier, and dicthylenc jglycolbuiyl ether, 

3 , A non-aqueous suspension as recited In claim 2 wherein said 
concentration of said siwjpension aid is in the range of from about 0.1 to 
about 0-9 weight percemt of the total weig;ht of the non-aqueous 
suspension, and wherein the amoimt of sai«l non-aqueous liquid medium 
in the non-aqueous suspension is in tiie range of &om about 30 weight 
percent to 90 weight percent of the total weight of the non-aqucous 
suspension. 
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4. A non-aqucous suspension as rochcd ia i;laiui 1 wbcrcia said aon- 
aquecms liquid uiediiuu is a pulyglycul ' 

5. A non-aqueoiis suspension as recited in daim 4 wherein said 
coTicentratiOTi of said siispension aid is in ihe range of from about 0,1 to 
about 0.9 weight percent of the total weijjia of the non-aqueous 
suspension, and wherein the amourn of said non-aqueous liquid medium 

5 is the non-aqueous suspension is in the nirige of from about 30 weight 

percent to 90 wight percenr of the toxal wcigfal of tho non-aqueous 
suspension. 

6. A non-aqucous suspension as recited hi cliiiiu 1 wheiisiu said nun- 
soluble particles are polymeric viscosifiers. selected from the group 
consisting of xanthan, hydroxyethyl ceT1ula<!e, carboxyl methyl 
cellulase, guar gnm, starch, dmvinVed ginir and polyacrylamide. 

7. A non-aqueous suspension as reciied in chiim 6 v^erein said 
concentration of said suspension aid is in the range of fix>m about 0»1 to 
about 0,9 weight percent of the total wei|jht of the non-aqucous 
suspension, and wherein the amount of Ssdd non-aqueous liquid medium 

5 is the non-aqucous suspension is in the rau&c uf Ixum about 30 weight 

percent to 90 wcigUi pcrucut of Uic (oOil weigjit of rtie non-aqueous 
suspension. 

8. A stable liquid suspension compri<Hng: 
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a liquid phase comprising a liquid meditiai selected &om the grotip 
10 consisting of glycols, polyglycols, glycol cUiers, glycol esters and glycol 

ether esters; 

non-soluble panicles; and 

a stabilizing aTnonntoffl jaispension airi snffioientto enhance the 
stispension of said non-soluble polymer pinticles in said liquid phase. 
9. A stable liquid suspraision as recited in claim 8 wherein said non 
aqueous liquid medium is selected firom the group consisting of 
dicthylcnc glycol, tricthylcnc glycol, polyjjiopylcnc glycol, dicthylenc 
glycol ethyl ether, and diethylcac glycol butyl ether. 
1 0 A stable liquid suspension as recited in claim 9 whtsrein said stabilizing 
amotmt of said suspension aid is a conceniration in the range of from 
about 0.1 to about 0.9 weight percent of the total weight of ihe.<;tahle 
liquid suspension, and w'hexein the amouttt of said liquid medium in the 
> non-aqueous suspension is in the range of from about 30 weight percent 

to 90 weight percent of the total weight of the stable liquid suspension. 
} 1 A stablo liquid suspension as recited in claim 8 wherein said liquid 

medium is a polyglycoL 
1 2 A stable liquid suspension as recited in claim 1 1 wheieiit said siabilLdug 
amouiu of said suspciiiiion aid is a coucciUnUion in ihe range of from 
about 0, 1 lo about 0.9 weight percent of ihe total weight of the stable 
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liquid suspension, and wherein the amount of said liquid medium in tiie 
5 non-aqucous suspension is in ^e range of from about 30 weiglii pecceui 

to 90 weight percent of the total weight of the stable liquid suspension. 
131- A stable liquid suspension as recited in claim Si wherein aa^d non -soluble 

paTticle<5 flre pnlymeric viscoRifiers selecTed from the group consisting of 

xamhan, hydroxyethyl cellulose, carboxj'l methyl cellulose, guar gum, 

starch, derivitized guar and polyaoiylaxxnde. 
14|. A stable liquid suspension as recited in cioim 13 wbcrctn aaid stshlUzia$ 

amouut of said suspension aid is a concentration in die range of &oni 

about 0.1 to about 0.9 weight percent of ihcf total Tvcight of the stable 

liquid sui;peii!>ioii, and wherein the atiiouai of said liquid meditmi in the 
5 non-aqueous suspension is in the range of from about 30 weight i>ercent 

TO 90 weight percent of the total weight of the Rtahle liquid suspension. 
3 5| A method of preparing a non-aqueous suspension, comprising the steps 

of; 

mbdng non-soluble particles^ a suspension aid, and a liquid medium 
selected from the group consisting of glycols, polyglycols, glycol ethers, 
glycol esters and glycol ether esters to ihcicby foim said uou-aqucuus 
suspension. 

1 6 1 A uiciliod as rcailcd in claim 15 wherein said suspension aid is selected 
from the group conijisiing of hydroxypropyl cellulose, ethyl cellulose. 
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polyvinyl pytrulidone. poJyayiylio acid aud cupulymtn:^ ufpuly vinyl 
pyrrolidone and acrylic acid. 
171. A method as neclted in claim 16 wherein said suspension aid is preseni 
in said non-aqueous suspension at a concentration in the range of Ixom 
about 0.1 to about 0.9 weight percent of the total weight of said non- 
aqueous suspension, and wherein said non-aqueous liquid medium is 
present in said non-aqucous suspension at a concentration in the range of 
firom about 30 weight perc«it to 90 weighc percent of the total weight of 
Ihi; nwi-aqucows sitspcxisiuit 

A method as recited in claun 16 wherem said non-aqueous liquid 
medium is a polyglycol. 

191 A method as recited m ciaim 1 H wherein said suspension aid is present 
in said non-aqueous suspension ai a concentration in the range of from 
about 0. 1 to about 0.9 weight percent of tfae total weight of said non- 
aqueous suspension, and wherein said non-aqueous liquid medium is 
present in said non-aqucous suspension at a concentration in the range of 
from ubuul 30 wcigjil percent to 90 weight pcrccul of the Ujial weight of 
ihe non-aqueous suspension, 

20| A mcrfiDd as recited in claim 16 wherein said non-soluble particles are 
polymeric viscosifiers selected &om thp ;p oup consisting of xanthan. 
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hydtoKycibyl cellulose, carbo^ methyl cellulose, guar gum> staich, 
dcrivitizcd guar and polyacxylaniidc. 

2 11 A methoil as recited in claim 20 wherein said suspension aid is present 
in said non-aqueous suspension at a concemradon in ihe range of fiom 
about 0.1 to about 0.5 weight percent of the total weight of said non- 
aqueous suspension, and wherein said ncoi-aqueons liquid xnediiun is 
5 present in. eaid non-aqueous suspension at a concentratioa in the range of 

fixim about 30 weight percent to 90 weight percent of the total wei^t of 
the non-aqucous suspension. 

22( A method as recited in claim 16 wherein said non-aqueous liquid medium 
is selected irom (he g^oup coiislsiing ofdicithylcnc glycol, b'iethyleue 
glycol, polypropylene glycol, dieihylene glycol ethyl ether, and 
dieihylene glycol butyl edier. 

23| A method as recited in ciaim 22 wherein said suspension aid is present in 
said non-aqueons suspension at a concentration in the range of from 
about 0.1 to about 0,9 weight percent of the total weight of said non- 
aqueous suspension, and wherein said non-aqucous liquid mcdi\nn is 
5 present in said non-aqucous suspension at a concentration in the range of 

irom about 30 weight percent to 90 weigln percent of the total weight of 
The nou-aqucous suspension. 
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2^ A method of preparing a non-aqacotss liquid suspension, said method 
comprises the steps of: 

niixiug jjon-soluble pamclcs wilh a liquid medium and adding thereio a 
siabjlizing amouni of a suspension aid sufQcienc to enhance the 



'/t^l A method as recited in claim 24 wherein said stispension aid is selected 
from the group consisting of hydroxypropyl ceUniose, ethyl cellulose, 
polyvinyl pyrrolidone, polyacrylio acid and copolymers of polyvinyl 
pyiroUdonc and aorylic acid 

26| A method as recited hi claim 25 wherein siiid suspension aid is prcscm in 
said non-aqucous suspension at a conccntraiioa in the range of iioiji 
about 0. 1 lu about 0.9 weight percent of ihe loxal weight of said non- 
aqueous suspension, and wherein said non-aqueous liquid medium is 



fiiotn about 30 weight percent to 90 weigJit percent of the total weight of 
the non-aqueous suspeaiision. 
271 A method as reciied in claim 25 wherein siiid non-aqueous liquid medium 
is a polyglycol. 

2 8 j A method as recited in claim 27 wherein said suspension aid is present in 
said non-aqucous suspension at a conccnuiition hi the range offi-oin 
about 0.1 to about 0.9 weight percent of the total weight of said uun- 



5 



suspension of said non-soluble panicles m said liquid medium. 



present in said nnn-aqueous jnispenMnn at a concentranon in the range of 
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aqiicoiis suspension, and whorcin saidnra-aqucous liquid medium is 
5 present in said non-aqucous suspension at a concentration in the nmjE;e of 

from about 30 weight percent to 90 weigtix percent of the toial wei&bi of 
ihe non-aqueous suspension. 

29| A method as reciied in claim 25 wherein said non-soluble panicles are 
polymeric visco.(rifiers .<jelectert from the ^jinnp consisting of xamhan, 
hydroxyethyl cellulose, carboxyl methyl cellulose, guar gum, starch, 
derivitized guar and polyaciylamide. 

30| A method as recited in claim 29 wherein said suspension aid is present in 
said non-oqueotid suspension at a conccncration in tlic range of £rom 
ahout 0, 1 TO about 0,9 weight percent of (he total wcigjit of said non- 
aqueous suspension, and wherein said non-aqueous liquid medium is 
5 present in said non-aqueous susptmsion at a concenuranoa [n the range of 

from about 30 weight percent to 90 wefglu percent of the t/itaT weight of 
the non-aqueous sn^ension. 

3 1 1 A method as recited in claim 25 wherein sjiid non-aqueous Uquid mediinn 
is selecred from die group consisting of di<!thylene glycol, triothylene 
glycol, polypropylene glycol, dicthylcac glycol ethyl ether and diediylcne 
glycol butyl ether, 

32^ A merhod as recited in claim 31 wherein said suspension aid is picsent m 
said non-aqueous suspensioTi at a concern ration in the range of from about 
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0.1 to about 0.9 weight percent of the total imgbt of saidnoa-aqueous 
suspension, and wlierein said noa*aqueoii& liquid msdium li> piti^smi m 
said non-aqueous suspension at a concentiarion in the range of from about 
30 weight percent to 90 weight percent of the total weight of the non- 
aqueous! .(nispension. 
33| A method of treating an oil or gas well or :iny eiurounding Bubcenranean 
foimatiQns adjacent thereto, said method comprises the steps of: 
admixing the con^osition of claim 1 witji a water baaed fluid; and 
inxroduciag the thus-formed admixture into a well bone. 
34| A method of treating an oil or gas well oi *U3y surrouudiiig sublcmmcau 
furmaiJom* adjaocnt tliereto, said method comprises The steps of: 
admixing the composition of claim 8 widi a water based fluid to form an 
admixmre; and 

introducing said adnuxture into a well bort:. 
3 5 J A coniposition prepared by the method of claim 1 5 . 
36] A composition prepared by the method of claim 24. 
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